In the following, additional experimental data and details on the demonstration of a bistable polariton fieldeffect transistor switch will be provided.
Optical characterization
Initially, the planar, unprocessed microcavity sample has been characterized via low temperature white-light reflectance measurements. By utilizing the intrinsic layer thickness gradient along the radial direction of the wafer the cavity mode can be tuned through the exciton energy resonance. Fig. S1a depicts the energies of the absorption dips from the reflectance spectra, which we relate to the lower (LP) middle (MP) and upper (UP) polariton branches, due to the coupling with the heavy and light hole exciton modes. Both the LP and the MP show a clear anti-crossing with the respective higher polariton branch which is the fingerprint for strong coupling between the cavity mode and the QW excitons. The inset shows the reflectance spectrum around resonance between the LP and MP branch. From the spectra, we extract a Rabi-splitting of (8.7 ± 0.1) meV.
The etched microwire sample has been characterized under open circuit conditions by investigating the power dependent emission spectra in a momentum resolved spectroscopy setup. Fig. S1b depicts the emission intensity as well as the evolution of the linewidth at the relevant in-plane wave vector where condensation takes place around ~ k || = 1 µm -1 as a function of the pump power. Data have been acquired on the processed sample, approximately 50 µm away from the contact. From the non-linearity, we can extract a threshold power for polariton lasing of (4.5 ± 0.5) mW. Furthermore, Fig. S1c depicts the power dependent emission energy of the relevant in-plane wave vector where condensation takes place around ~ k || = 1 µm -1 . The continuous blue shift above the threshold is a clear indicator that strong coupling conditions persist in our processed wire up to 20 mW.
Power dependent photoluminescence was investigated via momentum resolved spectroscopy. Using a standard coupled oscillator model by coupling the three lowest lateral cavity modes with the heavy hole exciton to fit the spectra gives a heavy hole exciton-photon detuning of the ground state of δ = -13.6 meV. From this calculation one gets the Hopfield coefficients for the exciton and the three lateral cavity photon fractions in the ground state of the system. At zero in-plane wave vector the exciton fraction amounts to approximately 8%. The quite large negative exciton-photon detuning at open circuit conditions was chosen because an applied electric field leads to a renormalization of the polariton energy levels [1] . Therefore, with increasing electric field strength the exciton-photon detuning shifts towards smaller absolute values and thereby the exciton fraction in the lower polariton branch increases. Moreover, the propagating polariton condensate carries an in-plane wave vector unequal zero which leads additionally to an increased exciton fraction compared to the value at zero in-plane wave vector. According to that the expected polariton lifetime is a complex function of field strength, position on the wire and pump power leading to an estimated polariton lifetime between 3 and 10 ps. 
Exciton Density Estimate
We assume a coupling efficiency of the microscope objective of T Obj = 0.8, a transmission of the cryostat window of T Cryo = 0.9, and furthermore a sample reflectivity of R Sample = 0.30 at the pumping wavelength extracted from low temperature reflectivity measurements. According to [2] one can assume 1% absorption per QW. With the given spot size of d Spot = 5 µm and the excitation power of P = 20 mW at a laser energy of E Laser = 1.664 eV one can calculate the exciton density per QW n Ex via:
According to [3] the relevant timescale is the average relaxation time of the excitons scattering into the polariton states. Therefore τ is in the range of 20 ps for the used GaAs QWs [4] . Thereby we get an exciton density of 3.9•10 10 cm -2 which is approximately one order of magnitude smaller than the expected Mott transition at 3•10 11 cm -2 in a GaAs QW system [5] . One can also estimate the polariton density via the observed blueshift of ~ 1 meV and the polariton-polariton interaction strength α ≈ 6 E B a B 2 by using standard values for the exciton binding energy E B and the exciton Bohr radius a B [6] . Here we get a polariton density of ~ 2•10 10 cm -2 .
Time-resolved measurement
The spatial dependence of the polariton decay rate Γ(x) along the wire, especially close to the electric gate, can be accessed via time resolved spectroscopy. We excited the microwire at a various positions in the closed pinhole configuration non-resonantly in the first high-energy Bragg mode with a pulsed Ti:sapphire laser. The laser facilitates 50 ps long pulses with a repetition rate of 82 MHz. The corresponding PL signal has been filtered for the exciton line around 1.5957 eV, using the grating position of our spectrometer, and was measured with an avalanche photodiode (APD), connected to the side port of the spectrometer. The spectral bandwidth is given by the grating and the slit size of the side port and amounts to 150 µeV at the given energy. The APD provides a nominal time resolution of 40 ps. Since the exciton lifetime is associated with the polariton lifetime via the Hopfield coefficients and the quality factor, it is a good indication to measure the bias and spatial dependency of the exciton lifetime along the microwire sample to get an insight into Γ(x). The exciton lifetime has been obtained by measuring the actual exponential decay of the exciton reservoir that is built up in the duration of the 50 ps pulse. . In (a) one can see a clear evidence for a faster exciton decay which means a shorter lifetime with an increasing applied reverse bias. However, in (b) one can see a prominent spatial dependence of the exciton decay along the wire. Exponential fitting of the decay slope yields the exciton lifetime which is shown in Fig. S2c as a function of the position along the microwire for several applied voltages. The center of the 10 µm wide contact is located around 0 µm and its width is indicated by the vertical dotted lines. The increasing reverse bias results in a decreasing exciton lifetime and furthermore in a formation of a lifetime minimum right underneath the contact due to enhanced exciton ionization, introduced by the applied electric field. Just like the potential minimum underneath the contact, the lifetime minimum can be described by a Gaussian shaped function indicated by the solid lines. Note that the electric field leading to the exciton ionization typically splits up in a component perpendicular and parallel to the quantum well plane [7] . Both components lead to exciton field ionization but on different field strength scales [8] . Due to the pin-doping the in-plane component is suppressed and the component perpendicular to the quantum well plane should be the most relevant electric field component for the tunneling process. 
Cascadability
To satisfy cascadability, the output of one device must be able to control the output of a second one. For that purpose we extended the incoherently driven Gross-Pitaevskii approach to the case of two devices. While keeping the intrinsic potential gradient one can speak of the upper (1) and the lower switch (2) (cf. Fig. S3b ). First of all, both devices can be independently switched between the two stable states of the bistable regime by the application of electric pulses. Remarkably, for electric pulses smaller than the width of the hysteresis region, the state of the lower switch (2) can only be switched if the upper switch (1) is in a specific state. Fig.  S3a depicts the intensity at the contact corresponding to the lower switch (2) and upper switch (1). Initially both devices are in the high intensity state. At 2 ns a voltage pulse switches the upper switch into the lower intensity state. At 4 ns, a weak voltage pulse applied to the lower switch (2) is unable to switch its state. At around 8 ns the upper switch (1) is reset to the high intensity state. Due to its coupling to the lower switch this allows the lower switch to be switched when a weak pulse (same amplitude as the pulse at 4 ns) is applied at around 10 ns. This represents the electrical analogue of the cascadability shown by Ballarini et al. [9] .
Logic-level restoration
The present system is ideal for logic-level restoration since there is a well-controlled bistability. The bistability is triggered by the carrier reservoir in the presence of the contact-induced trap. The bistable behavior vanishes as soon as the pump spot is moved away from the gate. Switching the device between the "off"-to the "on"-state is already sufficient to encode binary information. However, operating in the bistable regime means that the state of any device is necessarily in one of two stable distinguishable states which reduce the impact of noise on the system. Therefore, the quality of the logic signal should be restored at each stage when extending the experiment to the case of several devices and signal degradations should not propagate through the system.
Logic level independence of system losses
Working in the bistable regime allows encoding of binary information, where the two bistable states represent clearly distinguishable logic levels. Considering a system made with many devices, it is reasonable to assume that each switch would be defined by an identical hysteresis curve. Hence all switches throughout a circuit would be defined with the same logic-levels. The calculation shown in Fig. S3 demonstrate that it is possible for the state of one switch to affect logically the state of its neighbor, when the devices are operated in the bistable regime. Within this scheme there should be no loss of information as it propagates through a larger circuit. The reason is that although there are losses of polaritons as they propagate, they are fully compensated by the gain, coming from the incoherent driving of each switch region, when they arrive at the next device. Consequently, there is no need to define logic-levels based on information loss.
Amplification
Amplification of a polariton signals in one dimensional channels has already been demonstrated several times [10, 11] in configurations that can be implemented straight forwardly. While in the work of Wertz et al. and Niemietz et al. the amplification of the propagating polariton condensate has been accomplished by providing gain via an optically induced exciton reservoir, it is reasonable to assume that local electrical injection would accomplish the same task. Beyond that, for the case of two devices (see discussion of "cascadability") we believe that amplification is already implemented since losses of polaritons are fully compensated by the gain, coming from the incoherent driving of an additional laser at each switch region.
